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DGYDQFHPHQWKXPDQJDLWDQDO\VLVFDQEHGRQHREMHFWLYHO\DQGHPSLULFDOO\*DLWUHVHDUFKKDVWZRPDLQWUDFNV2QH
LV FOLQLFDO JDLW DQDO\VLV >@ZKLFK GHSHQGV RQ FROOHFWLQJ WKH JDLW GDWD LQ FRQWUROOHG HQYLURQPHQWV DQG DQRWKHU LV
ELRPHWULFJRDORIKXPDQJDLWDQDO\VLVZKLFKGHSHQGVRQFROOHFWLQJWKHJDLWGDWDLQGLIIHUHQWDUHDVDQGVFHQDULRV>@
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ZLWKRXWDQ\UHIHUHQFHWRIRUFHV$QDWRPLFDOSRVLWLRQPDUNHUVDUHREVHUYHGXVLQJPRWLRQFDSWXUHV\VWHPV
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EXGJHWRIPRVWKRVSLWDOV6RWKHUHLVXUJHQWQHHGRIDQDOWHUQDWLYHFRVWHIIHFWLYHEXWUHOLDEOHV\VWHP
2SWLFDO DQG ,PDJLQJ0HDVXUHPHQW7HFKQLTXHV FDQ KHOS RYHUFRPHPRVW RI WKH SUREOHPV WKDW DUH HQFRXQWHUHG
ZKLOH HPSOR\LQJ GLUHFWPHDVXUHPHQW WHFKQLTXHV 5HVHDUFKHUV KDYH SURSRVHG TXDQWLWDWLYHPHWKRGV WKDW DUHPRUH
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LPSRUWDQW SDUDPHWHUV EXW VRPH RI WKH OLPLWDWLRQV RI WKHVH WHFKQLTXHV DUH WKDW NLQHPDWLF DQG G\QDPLF GDWD MRLQW
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HYROYLQJPRGHOVDQGPHWKRGVJDLWDQDO\VLVUHVHDUFKLVDQRQJRLQJDFWLYLW\7DWDFLSWDHWDOSUHVHQWHGDUHYLHZRQWKH
GHYHORSPHQWRIDQRSWLFDOEDVHGJDLW DQDO\VLV V\VWHP>@7KHV\VWHPFRQVLVWVRIDFDPHUD/('PDUNHUVDQGD
SHUVRQDOFRPSXWHU7KHPDUNHUSRVLWLRQVGDWDZDVWKHQXVHGIRUIXUWKHUNLQHPDWLFVDQGG\QDPLFDQDO\VHV+HDOVR
UHVROYHV WKH SUREOHP RI RFFOXVLRQ $XWKRU XVHV'LUHFW /LQHDU WUDQVIRUPDWLRQ '/7 WR UHFRQVWUXFW ' DQDO\VHV
0LFKHOD*RIIUHGRHWDOSURSRVHG'+XPDQPRWLRQPDUNHUOHVV*DLW$QDO\VLVV\VWHP>@.LQHPDWLFLQIRUPDWLRQ
ZDVH[WUDFWHGE\XVLQJVLOKRXHWWHEDVHGDSSURDFKDIWHUVWXG\LQJYLGHRVHTXHQFHV7KH\REWDLQHGJRRGUHVXOWV WKH
SHUIRUPDQFHRIWKHSURSRVHGPHWKRGLVSDUWLFXODUO\HQFRXUDJLQJIRULWVDSSOLDQFHLQWKHUHDOPHGLFDOFRQWH[W
0RKDPHG5DILHWDO>@LPSOHPHQWHG+RXJKWUDQVIRUPWHFKQLTXHIRUJDLWDQDO\VLV7KH\WHVWHGWKHLUPRGHORQD
GDWDEDVHFRPSRVHGIURPWZHQW\VXEMHFWV7KHLUUHVXOWVZHUHSURPLVLQJDQGWKH\VXJJHVWHGWKDWWKHDOJRULWKPFRXOG
EHXVHGWREXLOGDUREXVWV\VWHPIRUJDLWPRQLWRULQJ-DQJDQG0DUNGLVFXVVHGDQHZWHFKQLTXHIRUDQDXWRPDWHG
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PDUNHUOHVVV\VWHPWRHYDOXDWHDQGFODVVLI\KXPDQJDLWPRWLRQE\XVLQJDNQHDUHVWQHLJKERUFODVVLILHUWRFODVVLI\
WKH JDLW SDWWHUQV >@ ' VWLFN ILJXUHV FDQ EH XVHG WR UHSUHVHQW KXPDQ JDLW PRWLRQ 6XUHU SURSRVHG D WZR
GLPHQVLRQDOPDUNHUEDVHGWHFKQLTXHWKDWXVHGGLJLWDOYLGHRFDPHUDVWRFDSWXUHWKHJDLWDQGWKHJDLWMRLQWSRVLWLRQLV
H[WUDFWHGIURPWKHLPDJHVHTXHQFHV>@(PDQ)DUHV$O0DVKDJEDHWDO>@SUHVHQWDQHIILFLHQWWZRGLPHQVLRQDO
'PDUNHUEDVHGPHWKRG WKDWH[WUDFWV WKHJDLWSDUDPHWHUV8VLQJ*DXVVLDQ0L[WXUH0RGHOIURPDQ LPDJH7KH\
XVHWKUHHVLPSOHFRORUHGPDUNHUVDQGZLWKWKDWWKH\ILQGWKHNLQHPDWLFSDUDPHWHUV
7KHVHSURSRVHGV\VWHPVDUHYHU\SUHFLVHEXWVXFKEHQHILWVFRPHDWDSULFH$ORQJZLWKWKLVDFWLYHPDUNHUEDVHG
KXPDQJDLWDQDO\VLVVXIIHUVIURPPDQ\VKRUWIDOOVGLVFXVVHGE\PDQ\UHVHDUFKHUV>@
7RUHGXFHWKHVHDFWLYHPDUNHUEDVHGOLPLWDWLRQVLQWKLVSDSHUZHSURSRVHDQHZVLPSOH'SDVVLYHPDUNHUEDVHG
PRWLRQ FDSWXUH0RGHO E\ XVLQJ ILYH VLQJOH UHG FRORUHG SDVVLYHPDUNHUV 7KH SUHVHQWHG V\VWHP GRHVQ¶W FRQVXPH
H[FHVVLYH WLPH DQG FRPSOH[LW\ UHTXLUHG IRU PDUNHU SODFHPHQW QR UHTXLUHPHQW RI D FRQWUROOHG HQYLURQPHQW WR
DFTXLUHKLJKTXDOLW\GDWDYHU\ORZFRVWRISDVVLYHPDUNHUVDVFRPSDUHGWRDFWLYHPDUNHUVDQGWKHQRHIIHFWRIWKH
PDUNHUVRQWKHVXEMHFW¶VPRYHPHQW7KHFRRUGLQDWHVRIWKHPDUNHUVZHUHREWDLQHGE\FDSWXULQJGLJLWDOLPDJHVDQG
WKHQSURFHVVLQJWKHP&XUUHQWO\WKHGHYHORSPHQWLVFRQWLQXHGIXUWKHUIRUD'G\QDPLFDQDO\VLVRIKXPDQJDLWXVLQJ
WZRFDPHUDV$ORQJZLWKWKLVZHDUHWU\LQJWRGHYHORSDGDWDEDVHRI,QGLDQQRUPDOJDLWZKLFKZLOOEHWKHILUVWRILWV
NLQG 7KH TXDQWLWDWLYH GDWD SURYLGHG E\ WKLV V\VWHP FDQ KHOS SK\VLRWKHUDSLVWV RUWKRSHGLVWV DQG QHXURORJLVWV IRU
EHWWHUXQGHUVWDQGLQJRI,QGLDQSDWLHQW¶VJDLWSDWKRORJ\DQGSODQWUHDWPHQWLQDEHWWHUZD\
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6HFWLRQ
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 VHFWLRQ  FRYHUV H[SHULPHQWDO UHVXOWV )LQDOO\
FRQFOXVLRQVDQGIXWXUHVFRSHDUHGLVFXVVHGLQVHFWLRQ
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ELSHGDODQGLQIOXHQFHVVWUHVVHVSODFHGRQMRLQWVXUIDFHV
*DLWDQDO\VLVLQFOXGHVWKHPHDVXUHPHQWRIWHPSRUDO.LQHPDWLFV.LQHWLFVDQG'\QDPLF(OHFWURP\RJUDSK\EDVHG
SDUDPHWHUVDQGFRQFOXVLRQVDERXWWKHVXEMHFWKHDOWKDJHVL]HZHLJKWVSHHGHWFFDQEHGUDZQ>@7HPSRUDORU
6SDWLDOSDUDPHWHUVLQFOXGHVSDUDPHWHUVVXFKDVVWHSOHQJWKFDGHQFHVWULGHUDWHYHORFLW\HWFSKDVHVVWDQFHVZLQJ
DQGHYHQWVIRRWVWULNHWRHRII.LQHPDWLFVSDUDPHWHULVWKHPRYHPHQWRIWKHERG\LQVSDFHZLWKRXWDQ\UHIHUHQFH
WRIRUFH,WLVWKHDQJOHRIMRLQWVVXFKDVWUXQNDQJOHKLSDQJOHNQHHDQJOHDQNOHDQJOHDQGIRRWDQJOH
3.1. System Description 
7R RYHUFRPH WKH OLPLWDWLRQV RI DFWLYH PDUNHUEDVHG WHFKQLTXHV ZH SURSRVH WR DGG ILYH VLQJOH FRORU SDVVLYH
PDUNHUWRWKHFORWKHVRIWKHWDUJHWHGVXEMHFWDWDQDWRPLFDOSRLQWVRIFRQFHUQLHVKRXOGHUKLSNQHHDQNOHDQGWRHDV
VKRZQLQ)LJ:HFRQVLGHUODWHUDOSODQIRURXUH[SHULPHQW2XUSURSRVHG'PDUNHUEDVHGDSSURDFKXVHVVLPSOH
FRPIRUWDEOHWRZHDUHUURUIUHHLQVWUXPHQWIDVWWRZHDUIUHHIURPDQDWRPLFDOODQGPDUNPLVSODFHPHQWDQGORZFRVW
PDUNHUV7KHSRVLWLRQRIWKHPDUNHUVZDVREWDLQHGIURPGLJLWDOYLGHRLPDJHVRIPDUNHUVWKDWZHUHIDVWHQHGWRWKH
VXEMHFW¶VERG\

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
  )LJ0DUNHUORFDWLRQVDWDQDWRPLFDOSRLQWVRQVXEMHFWERG\LQUHGFRORU 
7KH W\SLFDO GDWD WKDWZH FRQVLGHU LQ WKLV VWXG\ DUH WKH [ DQG\ ORFDWLRQV RI WKH VHJPHQW HQGSRLQWV7KHVH DUH
GLJLWL]HG IURPYLGHRFDSWXUHE\DGLJLWDOFDPHUD&RQVLGHULQJ WKH&DQDGLDQ6RFLHW\RI%LRPHFKDQLFV &6%*DLW
6WDQGDUGV)LJ>@,QWKLVPRGHOZHXVHGVHJPHQWDQJOHWRFDOFXODWHWUXQNWKLJKOHJDQGIRRWDQJOHDVGHVFULEHG
LQILJD$EVROXWHRUVHJPHQWDQJOHLVWKHDQJOHEHWZHHQDVHJPHQWDQGWKHULJKWKRUL]RQWDORIWKHGLVWDOHQG














)LJ&6%*DLWVWDQGDUGDQJOHFDOFXODWLRQPHWKRG6RXUFH>@D6HJPHQW$QJOHVE-RLQW$QJOHVF2WKHU$QJOHV

,WVKRXOGEHFRQVLVWHQWO\PHDVXUHGLQWKHVDPHGLUHFWLRQIURPDVLQJOHUHIHUHQFH±HLWKHUKRUL]RQWDORUYHUWLFDO:H
FRQVLGHULWLQKRUL]RQWDOZD\WKXVWUXQNDQJOHLVGHJUHHIRUWKHQRUPDOKXPDQJDLW:KLOHMRLQWRUUHODWLYHDQJOH
LVXVHGWRFDOFXODWHKLSNQHHDQGDQNOHDQJOHDVGHVFULEHGLQILJE	F$QDWRPLFDOSRVLWLRQRUVWUDLJKWIXOO\
H[WHQGHGSRVLWLRQLVJHQHUDOO\GHILQHGDVGHJUHHVLQWKLVFDVH
3.2. Experimental Setup   
7KH5HFRUGLQJHQYLURQPHQWDOIRUJDLWDQDO\VLVDW5$0$1/DE01,7LVVKRZQLQ)LJ7KHSURSRVHGV\VWHP
FRQVLVWVRIGLJLWDOYLGHRFDPHUDIRUUHFRUGLQJDQGSHUVRQDOFRPSXWHUIRUGDWDDFTXLVLWLRQDQGSURFHVVLQJ'MRLQW
PRYHPHQWWUDFNLQJLVGRQHXVLQJDQRSWLFDOPRWLRQFDSWXUHV\VWHP7KLVPRYHPHQWLVLQWKHIRUPRIWKHSRVLWLRQRI
WKHPDUNHUVLQ'VSDFH)XUWKHUSURFHVVLQJRIWKHGDWDDFTXLUHGIURPWKHFRQGXFWHGH[SHULPHQWLVGRQHXVLQJD*DLW
$QDO\VLVPRGHOWKDWLVGHYHORSHGXVLQJDVLPXODWLRQIUDPHZRUNZKLFKDVVLVWVLQNLQHPDWLFDQGG\QDPLFDQDO\VHVRI
KXPDQJDLW

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





)LJ'HVFULSWLRQRIWKHILUVW'JDLWDQDO\VLVV\VWHP
7KHZDONLQJSDWKZKLFKKDVEHHQXVHG LQ WKLV H[SHULPHQW KDV D WRWDO OHQJWKRIPZKLFKJLYHV WKH VXEMHFW
HQRXJKURRPWRWDNHDWOHDVWWZRVWHSVDIWHUEUHDNLQJLQHUWLD,QWKLVVWXG\WKHVXEMHFWZDONVDWDQRUPDOSDFHIURP
ULJKWWROHIWRQZDONLQJSDWK$KRPHGLJLWDOYLGHRUHFRUGHULVXVHGWRDFTXLUHWKHPRWLRQRIWKHPDUNHUVLQVDJLWWDO
SODQH DW  IUDPHV SHU VHFRQG ISV$ VHW RI ILYH UHIOHFWLYH SDVVLYHPDUNHUV LV DWWDFKHGRQ ILYH SRVLWLRQV RI WKH
VXEMHFW¶V ERG\ YL] PDOOHROXV SHOYLV KLS NQHH DQG ODWHUDO PHWDWDUVDO WR WUDFN WKH MRLQWV $OO WKHVHPDUNHUV DUH
SODFHGRQWKHOHIWVLGHRIWKHVXEMHFW¶VERG\)LJVKRZVWKHPDUNHUVSRVLWLRQRQWKHVXEMHFW¶VERG\

)LJ0DUNHUWUDFNLQJGXULQJPRWLRQ
7KHV\VWHPLVVWLOOLQGHYHORSPHQWSKDVH7KHMRLQWFRRUGLQDWHVGDWDREWDLQHGIURPUHIOHFWLYHPDUNHUVDUHWKHQ
XVHGIRUD'NLQHPDWLFVDQDO\VLVRIKXPDQJDLW,WLVXVHGWRGHWHUPLQH'JDLWSDUDPHWHUVRIKHDOWK\VXEMHFWVWR
LQLWLDWHWKHGHYHORSPHQWRI,QGLDQJDLWGDWDEDVH*DLWGDWDRIVXEMHFWVFRPSULVHERWKPDOHDQGIHPDOHZLWKLQWKH
DJHJURXSEHWZHHQWR\HDUVDUHPHDVXUHGDVSDUWRIDQHIIRUWWRGHYHORSQRUPDOZDONLQJGDWDEDVHRI,QGLDQ
SHRSOH7KHILUVWSURWRW\SHRIWKHV\VWHPSURYLGHVGHFHQWTXDQWLWDWLYHNLQHPDWLFVJDLWSDUDPHWHUVLHMRLQWDQJOHV
3.3. Development of 2D-Gait Analysis System  
7KLVVHFWLRQLQWURGXFHVRXUWHFKQLTXHWRGHYHORSD'*DLWDQDO\VLVV\VWHPXVLQJDVLPSOHKRPHEDVHGGLJLWDO
FDPHUD XVLQJ WKH 0$7/$% VRIWZDUH 2XU PHWKRGRORJ\ RI JDLW DQDO\VLV LQYROYHV IRXU SKDVHV 3UHSURFHVVLQJ
0DUNHUGHWHFWLRQDQG7UDFNLQJDQG.LQHPDWLF([WUDFWLRQSKDVH)LJGHVFULEHVSURSRVHG'JDLWDQDO\VLVV\VWHP


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)LJ3URSRVHG0HWKRGRORJ\IRU2SWLFDO'*DLW$QDO\VLV6\VWHPD0DUNHUVHWXSDQG$FTXLVLWLRQE6XEMHFWJDLQYLGHRF9LGHRIUDPHV
G*DLWDQDO\VLVV\VWHPHPDUNHULGHQWLILFDWLRQI6HOI2FFOXVLRQ3UREOHPJ$IWHU,QWHUSRODWLRQK*DLW.LQHPDWLFV3UHSURFHVVLQJ
3.3.1. Preprocessing  
,Q SUHSURFHVVLQJ SKDVH D VHW RI  UHG FRORU SDVVLYH PDUNHUV DUH DWWDFKHG WR WKH FORWKHV RI WDUJHW VXEMHFW DW
DQDWRPLFDOSRLQWVRIFRQFHUQ LH VKRXOGHUKLSNQHHDQNOHDQG WRH7KHQZDONLQJJHVWXUHYLGHR LVH[WUDFWHG LQWR
IUDPHVDVVKRZQLQ)LJDDQGE,WFRQWDLQVIUDPHVLQHDFKVDPSOHYLGHR$UHDRILQWHUHVWLVH[WUDFW
E\FURSSLQJWKHIUDPHZLWK[GLPHQVLRQHDFK7KHH[WUDFWHGIUDPHLPDJHGDWDLVLQ5*%IRUPDW(DFKSL[HO
LQWKLVIRUPDWLVDPL[WXUHRIWKUHHFRORUVQDPHO\UHGJUHHQDQGEOXH7KHSHUIHFWUHGFRORUKDVRQO\UHGFRPSRQHQW
DQGQRJUHHQRUEOXHFRPSRQHQWV7KXV WKHDSSURDFKDGRSWHG LV WRVHDUFKIRU UHGFRORUHGUHJLRQV LQIUDPH5*%
LPDJH LV FRQYHUWHG LQWR LQWHQVLW\ IRUPDW JUH\ VFDOH WKHQ LQWR ELQDU\ IRUPDW E\ LQWURGXFLQJ D WKUHVKROG YDOXH
(YHU\SL[HOKDYLQJLQWHQVLW\EHORZWKHWKUHVKROGYDOXHZDVFRQYHUWHGWREODFNDQGHYHU\WKLQJDERYHEHFRPHVZKLWH
$IWHUIL[LQJWKHWKUHVKROGSURFHVVWKHZKLWHPDUNHUVUHSUHVHQWLQJVKRXOGHUKLSNQHHDQGWRHDQNOHIURPWKHLPDJHV
FRXOG WKHQ EH UHOLDEO\ H[WUDFWHG DV VKRZQ LQ )LJ  7KH [ \ ± FRRUGLQDWH LQ SL[HOV RI HDFKPDUNHUZHUH WKHQ
FDOFXODWHGE\ORFDWLQJWKHFHQWURLGRIWKHPDUNHUVLQWKHLPDJHSODQH,PDJHEOREDQDO\VLVWHFKQLTXHLVSHUIRUPHGWR
H[WUDFWWKHIHDWXUHRIWKHLPDJH
3.3.2. Marker detection and tracking 
7KH SURSRVHG V\VWHP LPSOHPHQWV VHJPHQWDWLRQ SURFHGXUH WR VXEWUDFW WKH EDFNJURXQG IURP WKHPRYLQJ ERG\
SDUWVRQWKHDFTXLUHGLPDJHIUDPHV$WWKLVSRLQWWKHSRVLWLRQVRIWKHPDUNHUVKDYHEHHQLGHQWLILHGLQWKHLPDJH7KH
LPDJHFRRUGLQDWHVRIHDFKRIWKHPDUNHUVLQHDFKIUDPHRIWKHYLGHRLVREWDLQHGE\0DUNHU'HWHFWLRQDQG7UDFNLQJ
PRGXOHDVVKRZQLQ)LJH,QWKHDOJRULWKPDSSOLHGWKHPDUNHUUHFRJQLWLRQSURFHVVEHJDQIURPWKHWRSRIWKH
IUDPHWRWKHERWWRPEXWWKHRUGHURIPDUNHUSRVLWLRQLQHDFKIUDPHLVQRWDOZD\VFRQVLVWHQWHVSHFLDOO\WKHWRHDQG
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DQNOHPDUNHUV7KXVRQ WKHEDVLVRI FRRUGLQDWHV LQ' WRH DQG DQNOH LV LGHQWLILHG ,Q WKH FXUUHQW VDJLWWDO UHFRUG
VHWWLQJZKHQOHIWKDQGEORFNHGPDUNHUDWWDFKHGRQKLSMRLQWVHOIRFFOXVLRQSUREOHPLVLGHQWLILHGDVVKRZQLQ)LJ
I7KHEUHDNLQWKHSDWKRIMRLQWFRRUGLQDWHVVKRZVWKHRFFOXVLRQSUREOHP/LQHDULQWHUSRODWLRQWHFKQLTXHLVXVHG
WRFDOFXODWHRU ILOO WKH ORFDWLRQRIPLVVLQJPDUNHUKLSFRRUGLQDWHVDQG WKXVRYHUFRPHWKHRFFOXVLRQSUREOHP$
OLQHDULQWHUSRODWLRQLVDEOHWRILQGWKHFRUUHFWPDUNHUSRVLWLRQDIWHUWKHRYHUODSSLQJRFFXUVDQGFKDQJHVWKHPDUNHU
GDWDDUUDQJHPHQW>@2QFHWKHLQWHUSRODWLRQSURFHVVLVFRPSOHWHWKHSRVLWLRQRIHDFKPDUNHULVSORWWHGLQFRUUHFW
DUUDQJHPHQW)LJXUHJVKRZVWKHLQWHUSRODWHGYDOXHRIHDFKMRLQW

 
)LJ0DUNHUGHWHFWLRQVFKHPHDQGLWVFRUUHVSRQGLQJSRVLWLRQLQ6\VWHP
3.3.3. Kinematic Extraction phase 
$IWHUVXFFHVVIXOO\GHWHFWLQJDQGWUDFNLQJWKHSRVLWLRQRIWKHPDUNHUVIHDWXUHH[WUDFWLRQSKDVHVWDUWV,QWKLVMRLQW
UHJLRQV RI JDLW PDUNHU FRRUGLQDWHV FRQWDLQ VLJQLILFDQW LQIRUPDWLRQ WKDW KHOSV LQ WKH LGHQWLILFDWLRQ RI JDLW
NLQHPDWLFVRIDQLQGLYLGXDOVLVH[WUDFWHG7KHPXOWLULJLGERG\PRGHODGRSWHGIRUWKHNLQHPDWLFDQDO\VLVFRQVLVWHG
RIWKHULJLGERG\VHJPHQWVVXFKDVWUXQNVKRXOGHUDQGKLSWKLJKNQHHDQGKLSDQGVKDQNDQNOHDQGNQHHDUH
FRQQHFWHGE\ OLQH VHJPHQW7KHPRGHOZDV LOOXVWUDWHGE\ IRXUGHJUHHVRI IUHHGRP WKH WUXQN DQJOH WUXQN WKLJK
DQJOHWKLJKDQGWKHVKDQNDQJOHVKDQNDQGIRRWDQJOH
 ([SHULPHQWDO5HVXOW
,QWKLVVHFWLRQZHGHPRQVWUDWHWKHUHVXOWRIJDLWDQDO\VLVSDUDPHWHUV:HDUHLQPRGHRIEXLOGLQJRXURZQ,QGLDQ
JDLWGDWDEDVHXVLQJWKHGLJLWDOFDPHUD(DFKYLGHRFRQVLVWVRIDJDLWLPDJHVL]HRI[SL[HOVLQ$9,IRUPDW
(DFKJDLWYLGHRLQWKHH[SHULPHQWVKDVWRIUDPHV:HVDYHYLGHRVHTXHQFHVIURPGLIIHUHQWVXEMHFWV
0$7/$%7RROER[ZDVXVHGWRLPSOHPHQWWKHJDLWDQDO\VLVSURFHVV*DLWNLQHPDWLFVRIWKHRQHRIWKHVXEMHFWDJHG
PDOHH[WUDFWHGWUXQNKLSNQHHOHJIRRWDQGDQNOHUHJLRQLQWKHJDLWVHTXHQFHIRUWKHVXEMHFWDUHVKRZQLQ)LJ
DI

)LJD7UXQN$QJOHXVLQJVHWRISDVVLYHPDUNHUV
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)LJE+LS$QJOHXVLQJVHWRISDVVLYHPDUNHUV

)LJF/HJ$QJOHXVLQJVHWRISDVVLYHPDUNHUV

)LJG.QHH$QJOHXVLQJVHWRISDVVLYHPDUNHUV

)LJH)RRW$QJOHXVLQJVHWRISDVVLYHPDUNHUV6\VWHP
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
)LJI$QNOH$QJOHXVLQJVHWRISDVVLYHPDUNHUV6\VWHP
8SRQSURFHVVLQJWKHUHFRUGHGYLGHRVWKHUHVXOWRIWUDFNLQJSURFHVVFDQEHVHHQ$SORWRI'VDJLWWDOSODQHRIWKH
UHDOWLPHSRVLWLRQRIWKHPDUNHUVWKDWDUHDWWDFKHGRQWRWKHVXEMHFW¶VERG\LVVKRZQLQ)LJ,WFRQVLVWVRIIUDPHV
DQGKDVZDONLQJVWHSV7KHUHIRUHWKHQXPEHURIIUDPHVUHTXLUHGIRUWKHVXEMHFWWRZDONVWHSLV:LWKFDO
ISVFDPFRUGHU WKHZDONLQJSHULRGRI WKHVXEMHFWFRPHVRXW WREHVHFRQG7KLVJLYHVXVDJHQHUDO LGHD WKDW
,QGLDQPRYHIDVWHUDQGWDOOHUDVFRPSDUHGWR,QGRQHVLDQ>@

   
)LJ0DUNHU7UDFNLQJ5HVXOW
 &RQFOXVLRQ
:H SURSRVH D QHZ VLPSOH ' SDVVLYHPDUNHUEDVHGPRWLRQ FDSWXUH0RGHO E\ XVLQJ ILYH VLPSOH UHG FRORUHG
PDUNHUVZLWKDVLQJOHFDPHUD,WLVDQDXWRPDWHG'WUDFNLQJEDVHGHDV\WRXVHDQGYHU\FRVWHIILFLHQWEXWUHOLDEOH
V\VWHP7KHSUHVHQWHGV\VWHPGRHVQ¶WFRQVXPHH[FHVVLYH WLPHDQGFRPSOH[LW\UHTXLUHGIRUPDUNHUSODFHPHQWQR
UHTXLUHPHQWRIDFRQWUROOHGHQYLURQPHQWWRDFTXLUHKLJKTXDOLW\GDWDYHU\ORZFRVWRISDVVLYHPDUNHUVDVFRPSDUHG
WR DFWLYHPDUNHUV VOLJKWO\ FRVWOLHU WKDQ D KRPH YLGHR FDPHUD DQG WKH QR HIIHFW RI WKHPDUNHUV RQ WKH VXEMHFW¶V
PRYHPHQW7KHILUVWSURWRW\SHRIWKHV\VWHPSURYLGHVJRRGTXDQWLWDWLYHNLQHPDWLFVJDLWSDUDPHWHUVLHVWHSOHQJWK
JDLWYHORFLW\DQGMRLQWDQJOHVFRXOGEHFRPSXWHG7KLVTXDQWLWDWLYHGDWDFDQKHOSSK\VLRWKHUDSLVWVRUWKRSHGLVWVDQG
QHXURORJLVWVIRUEHWWHUXQGHUVWDQGLQJRI,QGLDQSDWLHQW¶VJDLWSDWKRORJ\DQGSODQWUHDWPHQWLQDEHWWHUZD\
7KHGHYHORSPHQWLVFRQWLQXHGIXUWKHUIRUD'G\QDPLFDQDO\VLVRIKXPDQJDLWXVLQJWZRFDPHUDVXVLQJ,QGLDQ
JDLWGDWDEDVH'HYHORSLQJD'JDLWDQDO\VLVZLOOKHOSLQDQDO\]LQJPRUHJDLWSDUDPHWHUV$VDIXWXUHZRUNZHFDQ
XVHWKHVHJDLWSDUDPHWHUVDQGFDQLGHQWLI\LQGLYLGXDO
$FNQRZOHGJHPHQWV
7KHDXWKRUVJUDWHIXOO\DFNQRZOHGJHWKHVXSSRUWIURP'HSDUWPHQWRI6FLHQFHDQG7HFKQRORJ\,QGLDIRUIXQGLQJ
WKLVSURMHFW:HZRXOGOLNHWRWKDQNDOOWKHVWXGHQWVDQGVWDIIVRI01,7-DLSXUZKRFRQWULEXWHGLQWKHH[SHULPHQWV
WKDWHQDEOHGXVWRFROOHFWDQGSURFHVVPHDVXUHPHQWGDWD
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